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We searched the Genbank protein database to identify the closest present day 1 3 0 HBV genome to the ancient HBVs in amino acid identity in the polymerase, the largest 1 3 1 open reading frame in the HBV genome (832-845 amino acids). Upon identifying the 1 3 2 closest, we also examined its identity to the ancient HBV in other proteins, pre S, X, 1 3 3 and core proteins ( Table 2) . Present day HBV isolates closest to the ancient HBVs in 1 3 4 nucleotide identity were not found to be the closest in amino acid identity in the 1 3 5 polymerase. For example, the Karsdorf sample was closest to a chimpanzee HBV 1 3 6 (accession AB032433) in nucleotide sequence but a human HBV (HE981175, 1 3 7 genotype G) in amino acid sequence in the polymerase. However, in other proteins, 1 3 8 the closest to the ancient HBVs were all present day NHP HBVs (Table 2) . The 3 ancient HBV genomes were also closest to each other in polymerase 1 5 0 amino acid identity than to any other present day samples (Table 2 ). However, 1 5 1 different from the nucleotide result, the highest amino acid identity in polymerase was 1 5 2 between Karsdorf and Sorsum. As Sorsum differs from RISE563 in both time periods 1 5 3 and locations while only in time periods from Karsdorf, Sorsum is expected to be a 1 5 4 closer relative of Karsdorf and hence to have more similarity in slow changing sites 1 5 5 (amino acid) with Karsdorf. On the other hand, as Sorsum was 1721 years apart from 1 5 6 Karsdorf, ~2 fold more than its time difference with RISE563 (865 years), Sorsum is 1 5 7 expected to have more genetic distance from Karsdorf due to fast changing sites as 1 5 8 may be reflected in the nucleotide sequence. Together, these results showed 1 5 9 significant disconnect between amino acid and nucleotide sequences in revealing 1 6 0 genetic relationships among HBVs. 1 6 1 While results in Table 2 showed clear affinity of Karsdorf with human HBV, 1 6 2 Sorsum showed equal affinity with human and chimpanzee HBVs and RISE563 1 6 3 showed slightly more affinity to chimpanzee than to human HBV, indicating some RNase H domains are more conserved or slow evolving (343-844 aa for genotype G 1 7 0 starting with VNL). We therefore tested this 501 aa region to see if it may show better 1 7 1 results than the full length polymerase in linking ancient HBVs with human rather than 1 7 2 NHP (Table 3) . Again, all three ancient HBVs showed closer identity, but to a greater 1 7 3 degree, to human HBVs than to NHP HBVs. While Karsdorf was again closest to 1 7 4 Sorsum, it was closer to a present day human HBV (HE981175) than to the ancient 1 7 5 HBV RISE563, indicating clear HBV genetic continuity from the time of Karsdorf to 1 7 6 present time and the more informative nature of the 501 aa slow region of the 1 7 7 polymerase. 1 7 8
As slow evolving DNAs are more likely to be in linear phase and hence more 1 7 9 informative to phylogenetic relationships as explained by the MGD theory, we 1 8 0 examined whether the 501 aa slow region of the polymerase is the slowest evolving 1 8 1 among the protein genes in the HBV genome by comparing amino acid identity 1 8 2 between human and orangutan HBV proteins ( Supplementary Table S1 ). The 501 aa 1 8 3 slow region of the polymerase was found to be the second most conserved, just 1 8 4 slightly less conserved than the core protein. However, because the core protein was 1 8 5 relatively short (178 aa), it is expected to be less informative than a longer protein with 1 8 6 similar degree of conservation. Together with outgroup analyses (see below), we have 1 8 7 found the 501 aa slow region of the polymerase to be the most informative to 1 8 8 phylogenetic inferences of HBV strains. 1 8 9 1 9 0 1 9 1 1 9 2 1 9 3 where an outgroup NHP HBV to two sister strains of human HBV is expected to show 2 0 7 more non-conservative amino acid changes from the human HBVs. 2 0 8
To confirm the human rather than NHP affinity of the ancient HBV isolates as 2 0 9 shown by the polymerase, we therefore performed protein alignment involving 3 2 1 0 strains, an ancient HBV, its closest human HBV, and its closest NHP HBV. It is 2 1 1 expected that an outgroup should have a higher fraction of non-conservative or 2 1 2 drastic amino acid changes among all mutations that led to differences between the 2 1 3 outgroup and the other two sister strains. We examined those positions where the two 2 1 4 sisters had the same residue while the outgroup was different. We tested each of the 2 1 5 three compared HBV viruses as the candidate outgroup and obtained the fraction of 2 1 6 drastic changes among all positions where the two sisters were the same while the 2 1 7 outgroup was different (Table 4 and Supplementary Materials for details of this 2 1 8 analysis). For the full length polymerase protein, RISE563 as the outgroup had a 2 1 9 significantly smaller fraction of drastic changes than the gorilla HBV as the outgroup 2 2 0 (0.33 vs 0.69, P = 0.004). This indicates that RISE563 and present day human HBV 2 2 1 (EU239218) were sister strains while the gorilla HBV was the outgroup. Similar 2 2 2 analyses showed that for Karsdorf and Sorsum samples, the NHP HBVs all showed 2 2 3 the highest fraction of drastic changes (Table 4) . We also performed the combined 2 2 4 analysis where we first add up all the drastic changes of an outgroup (with the 2 2 5 outgroup being ancient HBV, present day human HBV, or NHP HBV) and then 2 2 6 calculated the fraction of drastic changes. The fraction of drastic changes in the NHP 2 2 7 HBV when tested as the outgroup was significantly higher than either that in the 2 2 8 ancient HBVs or the present day human HBVs when they were tested as the outgroup. 2 2 9
We also obtained similar results for the slow region of the polymerase (Table 4) .
These results confirmed that ancient HBVs isolates grouped with human rather than 2 3 1 NHP HBVs. In contrast, for the other three smaller size proteins of HBV genome, the Pre S 2 4 2 protein, the X protein and the pre core protein, none was found informative in 2 4 3 identifying an outgroup ( Supplementary Table S2 ). When we did the same analysis by 2 4 4 using these three proteins as concatenated single molecule, we also failed to identify 2 4 5 any clear outgroup. The fractions of drastic changes in either ancient or present day 2 4 6 human HBVs were similar to that of NHP and showed enrichment of non-conservative 2 4 7 amino acid changes, which was unlike the case for the polymerase. Thus, the ancient 2 4 8
HBVs did not group with either present day NHP or human in any of these proteins. 2 4 9
That the observed changes were enriched for non-conservative amino acid mutations 2 5 0 indicated functional adaptation or selection. Although ancient HBVs all showed 2 5 1 slightly closer identities in these proteins to NHP HBVs, such weak affinity may be 2 5 2 fortuitous. 2 5 3 2 5 4 2 5 5 1 0 501 x 2.0 x 10 -6 + 7500 x 501 x 2.0 x 10 -6 = 22 aa). Given the distance between the 3 0 7 basal genotype D and the other genotypes to be ~41 as well as the largest within 3 0 8 genotype distance of 40 for D, we inferred an origination of human HBV at ~20500 3 0 9 years ago followed soon by the divergence of genotype F and H as people crossed 3 1 0 the Bering Strait into the New World. 3 1 1 3 1 2 
